Received for publicatioi-i September 24, 1964 TRITIATED thymidine is well recognised to be a highly specific precursor for DNA syntbesis in mammalian cells. During the past few years there have beeii a iiumber of reports of an inhibition of incorporation of 3H-thyrnidine (3H-TdR) into the DNA of myeloid leukaemic leucocytes, bone marrow cells and ascites tumour cells in vitro, when these cells had been incubated with this precursor for an hour or more (Bianebi, Crathorn and Shooter, 1962 ;  Rubini, Keller, Eisentraut and Cronkite, 1962 ;  Zajicek, Rosin and Gross, 1962) . At this time the reasons for this inhibition were obscure. Zajicek, Beriistein, Rosin and Gross (1963) reported the formation of radioactive thymine in the supernatant of a suspension of ascites cells incubated for one hour with 3H-TdR. More recently Marsh and Perry (1964a, 1964b) have demonstrated that the supernatant fraction of homogenates of humaii leucocytes can degrade 3H-thymidine to thymine and dihydrothymine.
We have examined the relationship of the incorporation of 3H-TdR and 11C-TdR into the DNA of leucocytes to the degradation of this compound by the ceHs. A study has also been made of the metabolism by leucocytes of an alternative DNA precursor tritiated deoxycytidine-5'-monophosphate . This investigation was made to see whetber 3H-dCMP is a more useful DNA precursor than 3H-TdR when prolonged incubations in the presence of the radioactive label are required, such as in the analysis of the kinetic pattern of the proliferation of leukaemic cells in vitro.
MATERIALS AND METHODS
Leucocyte su8pensions.-Peripheral. venous blood was collected into heparinised bottles, whicb were stood for approximately 30 minutes at 37' C. after which time the red blood cells had sedimented out leaving a leucocyte rich plasma which was removed. The experiments were carried out witli the cells suspended eitber in undiluted plasma or in plasma diluted 1/1 v/v with tissue culture medium TC 199 (Glaxo, GreeDford, Middlesex). Leucocytes were obtained from patients with infectious mononucleosis, myeloid or lymphatic leukaemia and from normal subjects. The mouse thymocytes were prepared from A2G mice and suspended in Hanks' solution containing 20 per cent mouse serum.
I8otope8.-Tritiated thymidine (3H-TdR) specific activity 2-3 C/mm and 2_14C-thymidine (14C-TdR) specific activity 30 -4 mc/mm were obtained from the Radiochemical Centre, Amersham, Bucks. Tritiated deoxvcvtidine-5'-monophosphate (3H-dCMP) specific activity I c/mm and 2-14C-deoxycytidine-5'-monophospbate (14C-dCMP) specific activity 12 mc/mm were obtained from Seliwarz Bioresearch Inc., Orangeburg, N.Y.
Incubation pi-ocedure.-All incubations of leucocyte suspensioils with the radiotive precursors were carried out at 37' C. In the experiments for investigation of uptake of radioactive precursor into the DNA the precursors were used at a concentration of 1-2,ac/ml. In 
RESULTS
Purity of the radioactive precursor,3.-As high specific activity tritiated compounds are liable to undergo radiolysis (Evans and Stanford, 1963 ) the compositioii of the precursors used in these experiments were analysed. H ysis showed the distribution of radioactivity varied according to the sample of 3H-TdR used. The percentage distribution was within the following JiMitS : 3H-TdR (83-3-58-1), 3H-thymine (12-1-23-7), 3H dihydrothymine (4-6-18-2), for the total activit in these three compounds. 3H dCMP analysis showed (3H dCMP 84%) 3H-deoxycytidine 3%, and left on origin and not identified 12%. 14C thymidine was found to be stable having approximately 98 % of its radioactivity on the thymidine spot. In view of the radiolysis of the tritiated compounds zero time analyses were made on the degradation studies and the change in the composition of the distribution of radioactivity calculated in relation to the compositioii of the original precursor solution added to the incubation mixtures. Incorporation of radioactive precur,3or8 into the DNA Typical examples of the incorporation of 3H-TdR compared with that of 3H-dCMP are shown in Fig. 1 . These two experiments show the behaviour of proliferating leucocytes in a benign disease (IM infectious mononucleosis) and a malignant disease (AML acute myeloid leukaemia). Table I shows the time course of increase in the DNA specific activity in the cells incubated with 3H-TdR, 14C-TdR or 3H-dCMP. It will be noticed that the mouse thymocytes, which have a high frequency of DNA synthesising cells showed an almost linear incorporation of 3H-TdR which is in marked contrast with that found in the blood leucocytes. Analysis of the supernatants from the various incubations with 3H-TdR and 14CTdR shows that there is a variable disappearance of the TdR from the medium (Table  II) . It will be noticed that in the mouse thymocytes, the same incubations as in Table I , the rate of disappearance of the thymidine was very slow. Fig. 2 medium with its virtual replacement by dihydrothymine. The reciprocal relationship of the degradation of thymidine and the incorporation of thymidine into the DNA of the ceRs in this experiment is s1fown in Fig. 4 .
Since it has been suggested that3H-TdR may have an inhibitory effect on the DNA synthesis of human leucocytes in vitro (Rubini et al., 1962) Analysis of the metabolism of 3H-dCMP A typical result of the distribution of radioactivity on a two-way chromatogram of the supernatants from the incubation of chronic myeloid leukaemia leucocytes with3H-dCMP is shown in Fig. 6 . The main pathways of metabolism of dCMP are shown in Fig. 7 . A pattern of degradation similar to that of the myeloid leukaemia cells has also been found in normal leucocytes, leukaemic leucocytes from cases in remission and infectious mononucleosis leucocytes. On the other hand, active chronic lymphatic leukaemic leucocytes exhibited only slight deaminase activity and this degradation was absent in mouse thymocytes but in both these cell systems the phosphorolysis of dCMP to deoxvcvtidine was active (Table IV) . 2,uc/n-A.3H-dCMPaddedtothecultureAafter2-5hoursincubation. I /ZC/Ml.3H-TdRadded to the culture 0 after 2 -5 hours incubation. 0 = No further addition of isotope. this reaction when whole leucocytes are incubated with 3H-thymidine and 14C_ thymidine. The appearance of degradation products in the supernatant of the incubation mixture occuxred within five minutes of adding the thymidine. From the shape of the curve in Fig. 2 it is apparent that this degradation reaction commences immediately and it is not associated with any lag period. This would indicate that there is a very rapid movement of thymidine and its metabolites across the cell membrane. When this reaction was studied over a four hour period (Fig. 3) it was seen that the rate of degradation of the thymidine was proportional Maley and Maley (1963) .
to the concentratioii of the thymidine in the medium. In those incubations in which a part of the population of cells were synthesising DNA the total radioactivity of the medium was not significantly decreased by incorporation of radioactivity into the DNA.
The similar pattern of results obtained for degradation and incorporation of thymidine irrespective of whether 14C or 3H was used to label the precursor showed that the degradation of the molecule was not influenced by the presence of these isotopes in the molecule. This would appear to conflict with the results obtained by Rubini et al. (1962) , who suggested that the inhibition of the uptake of 3H-TdR by chronic myeloid leukaemic leucocytes and dog bone marrow cells might be due to the presenceof 3H in the thymidine. The fact that pre-incubation with 'H-TdR did not affect the subsequent incorporation of 3H-TdR led Rubini et al. (1962) to suggest this possible inhibitory action of tritium itself. The current experiments indicate that this inhibition can be explained on the basis of degradation of thymidine (see Fig. 4 ). Furthermore the addition of more 3H-TdR or 3H-dCMP to cells already showing an inhibition of the incorporation of 3H-TdR was accompanied by a further incorporation of these precursors into the DNA which indicates that there is no inhibition of DNA synthesis.
The degradation of thymidine gives rise to a production of thymine and dihydrothymine, which are not available as DNA precursors (Friedkin, Tilson and Roberts, 1956 ). On the other hand, the degradation of dCMP leads to the production of deoxycytidine and then deoxyuridine both of which compounds are available for DNA synthesis. That part of the dCMP that is not deaminated acts as a precursor for DNA cytosine. The deaminated molecule (deoxyuridine) can, after phosphorylation and methylation, form thymidine monophosphate and act as a precursor for DNA thymine (Friedkin and Roberts, 1956 (Lamerton and Fry, 1963) . The results obtained in this present series of experiments indicate that very n-iisleading interpretations can be put upon the data arising from the incorporation of a DNA precursor into both leukaemic and non leukaemic leucocytes, unless the fate of that precursor in the particular cell system is known.
SUMMARY
The incorporation of TdR and dCMP into the DNA of humaii leucocytes in vitro has been studied and an inhibition of TdR incorporation was found compared with the incorporation of dCMP when the cells were incubated with these precursors for more than one hour. The degradation products of TdR are thymine and dihydrothymine which are not available for DNA synthesis. Degradation of dCMP leads to the formation of deoxycytidine, deoxyuridine and uracil of which only uracil does not serve as a DNA precursor. The rate of degradation of TdR and dCMP were more rapid with myeloid cells compared to lymphoid cells. The reaction is independent of the numbers of DNA synthesising cells in the cell suspension. The formation of uracil from dCMP takes place more slowly than the formation of thymine from TdR, thus dCMP provides a longer lasting source of DNA precursor for prolonged studies of DNA synthesis by leucocytes in vitro.
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